It is unknown whether systemic endothelial dysfunction underlies the association between nephropathy and cardiovascular disease (CVD) in persons infected with human immunodeficiency virus (HIV). Spot urine protein to creatinine ratio, spot urine albumin to creatinine ratio, creatinine clearance, estimated glomerular filtration rate, and flowmediated dilation (FMD) of the brachial artery were evaluated in 123 study participants infected with HIV (58 receiving antiretroviral therapy [ART] and 65 not receiving ART) with no history of diabetes or hypertension. None of the renal markers, modeled as either continuous or categorical variables, correlated with FMD. Contrary to expectations, endothelial dysfunction may not be the link between nephropathy and CVD in HIV.
Proteinuria and albuminuria, which are markers of renal glomerular dysfunction, are well-known predictors of cardiovascular disease (CVD) in the general population [1] . The development of systemic endothelial dysfunction, especially when measured by flow-mediated dilation (FMD) of the brachial artery, predicts future cardiovascular events [2] . Thus, systemic endothelial dysfunction has been suggested as the mechanistic link between glomerular diseases and CVDs [3] .
Proteinuria, albuminuria, and endothelial dysfunction are commonly found in the human immunodeficiency virus (HIV)-infected population [4, 5] . Given that proteinuria has recently been found to be associated with CVD in individuals infected with HIV [6] , it is plausible that these markers of glomerular injury may be associated with systemic endothelial dysfunction in this population. However, in a previously published pilot study of 34 subjects performed by our group, we did not find that either proteinuria or albuminuria was associated with FMD in HIV-infected patients [7] . Given the small size of this initial study, it was important to corroborate these findings in a larger study that included both patients receiving and not receiving antiretroviral therapy (ART). As a secondary objective, we also evaluated the relationships between renal function, as measured by estimated creatinine clearance rate (CrCl) and by estimated glomerular filtration rate (eGFR), and systemic endothelial dysfunction. Because our aim was to assess the relationships between markers of HIV-related glomerular injury and endothelial dysfunction, we excluded from these studies patients with diabetes or hypertension as potential confounding conditions.
Methods
Study Design and Subject Population. We performed a crosssectional analysis of a convenience sample of 123 HIV-infected patients referred to our research clinic for participation in various endothelial function studies, including those from our previously published pilot study [7] . We enhanced inclusion of those not yet on ART by performing their study procedures just before ART was initiated by their providers. The choice of ART medications was selected by individual practitioners in routine clinical care. These studies were approved by the Indiana University Institutional Review Board, and all volunteers provided written informed consent.
Participants were at least 18 years of age with documented HIV infection. Major exclusion criteria included fasting serum glucose .126 mg/dL at screening or known history of diabetes mellitus, active untreated infection (opportunistic or otherwise), known CVD, known hypertension or uncontrolled elevated blood pressure, current use of lipid-lowering medications or chronic systemic glucocorticoids, fever during the study visits, and pregnancy.
Study Procedures. The participants were studied as outpatients at the Indiana Clinical Research Center after a fast of at least 8 hours. Fasting blood samples were obtained for HIV disease measures (CD4 cell count and HIV-1 RNA level), serum creatinine, and metabolic variables. Urine was obtained for measurement of albumin, protein, and creatinine. Both blood and urine samples were collected on the morning of the day of ultrasound imaging.
Urine protein and urine creatinine were measured using a spectrophotometric assay (Beckman Coulter) and using the Jaffe kinetic reaction with picric acid (Roche Diagnostics), respectively. Urine albumin was measured using an immunoprecipitin reaction (reagents from DiaSorin). Serum creatinine was measured using the Jaffe kinetic reaction but was not calibrated to the Cleveland Clinic standard. Renal function was estimated using both the Cockcroft-Gault and the 4-variable Modification of Diet in Renal Disease equations. Urine proteincreatinine ratios and albumin-creatinine ratios were then calculated, with a protein-creatinine ratio .0.2 g/g and albumincreatinine ratio .30 mg/g considered abnormal. Insulin resistance was estimated using the homeostasis model assessment of insulin resistance.
FMD and nitroglycerin-mediated dilation of the brachial artery were performed according to established guidelines [8] . All ultrasound procedures were performed by a single registered vascular technician, and all vascular measurements were made by a single investigator (SKG) using AccessPoint 2004 software (Freeland Systems). The intraclass correlations for reproducibility for baseline diameter and FMD measured twice in 12 healthy volunteers in our laboratory under these conditions were 0.97 and 0.73, respectively.
Statistical Analysis. Continuous variables are presented as median (interquartile range) unless otherwise specified, and categorical variables are presented as frequencies and percentages. Baseline characteristics between those receiving and not receiving ART were compared using Wilcoxon rank-sum test or by v 2 test for continuous and categorical data, respectively.
Correlations were evaluated by Spearman rank correlation coefficient. The detectable correlation between albuminuria and FMD in our convenience sample of 123 subjects at 80% power and a 5% type I error was 0.25. Multiple linear regressions were constructed with FMD as the dependent variable and proteinuria, albuminuria, and glomerular function as independent variables; other potential confounding variables found to be associated with FMD in univariable analyses with a P value ,.05 were included in these models. Two-sided P values ,.05 were considered statistically significant. All analyses were performed using SAS version 9.2 (SAS Software).
Results
Cohort Characteristics. A total of 123 study participants, of whom 58 were receiving ART and 65 were not receiving ART at the time of the study visit, were included in these analyses and are described in Table 1 . The percentages of patients with spot urine protein-creatinine ratios .0.2 g/g in the total cohort, in those receiving ART, and in those not receiving ART were 11%, 9%, and 13%, respectively. The percentages of those with spot urine albumin-creatinine ratios . 30 mg/g in the total cohort, in those receiving ART, and in those not receiving ART were 12%, 12%, and 11%, respectively. The percentages of participants in the entire cohort with albumin-creatinine ratios ranging from 0 to 4.9 mg/g, 5-9.9 mg/g, 10-19.9 mg/g, and 20-29.9 mg/g were 58%, 21%, 6%, and 4%, respectively. Only 3 study participants had eGFR ,60 mL/min/1.73 2 .
Associations Between Renal Parameters and Endothelial Function. As shown in Table 2 , we assessed the univariable correlations between urine protein-creatinine ratio, urine albumin-creatinine ratio, CrCl, eGFR, and the other clinical variables listed in Table 1 with FMD in the overall cohort and in the subgroups receiving and not receiving ART. None of the 4 renal parameters of interest were associated with FMD in univariable analyses when assessed as either continuous or categorical variables (CrCl and eGFR were not assessed as categorical variables due to the small number of study participants with lower renal function). The relationships between FMD and body mass index (b 5 .096; P 5 .16) and current smoking (b 5 2.10; P 5 .9) were also not significant; none of the other clinical variables assessed in Table 1 were significantly associated with FMD.
We then constructed 4 multivariable regression models with each of the 4 renal parameters as the primary independent variable and FMD as the dependent variable, adjusting for baseline diameter, male sex, and nitroglycerin-mediated dilation. Again, none of the 4 renal parameters were associated with FMD. In these models, only baseline diameter was independently associated with FMD. Additional models with protein-creatinine ratio and albumin-creatinine ratio defined categorically as .0.2 g/g and .30 mg/g, respectively, again did not show that proteinuria or albuminuria was associated with FMD.
Associations Between Antiretrovirals and Endothelial Function. We also assessed the relationships between FMD and exposure to specific antiretrovirals and antiretroviral combinations because these may be potential confounding variables for the primary relationships of interest, namely, those between renal markers and FMD. We compared participants receiving tenofovir (n 5 30) against those not receiving any ART and against those not receiving tenofovir. Similar comparisons were performed with participants receiving abacavir (n 5 11), tenofovir with efavirenz (n 5 8), abacavir with efavirenz (n 5 3), tenofovir with protease inhibitors (n 5 20), and abacavir with protease inhibitors (n 5 7). None of these antiretrovirals or combinations were associated with FMD in these comparisons (data not shown; all P . .2). In particular, the regression coefficient for abacavir with FMD was not significant (b = 20.07; P = .96). Thus, we did not include specific ART in the multivariable models assessing the relationships between renal markers and FMD.
Discussion
In this large study of HIV-infected individuals, we found no associations between markers of renal disease and systemic endothelial function despite having the power to detect a low proportion of variability (R 2 ) of albuminuria attributable to FMD of 0.0625. Smaller magnitude correlations are likely not Abbreviations: ACR, albumin-creatinine ratio; ART, antiretroviral therapy; CrCl, creatinine clearance; eGFR, estimated glomerular filtration rate; FMD, flow-mediated dilution; NTGMD, nitroglycerin-mediated dilution; PCR, protein-creatinine ratio; SE, standard error.
clinically relevant, and therefore our sample size was adequate to demonstrate the presence or absence of meaningful associations. These results corroborated our earlier findings [7] by showing that proteinuria and albuminuria are not associated with FMD of the brachial artery in nondiabetic, nonhypertensive persons infected with HIV. In addition, we found that CrCl and eGFR in this cohort with relatively preserved renal function were also not associated with FMD. More important, our study was large enough to evaluate sizable numbers of participants both receiving and not receiving ART and found that use or nonuse of ART did not lead to differential findings. Although this study was not sufficiently powered to detect associations between individual ART drugs and FMD, we found no evidence that the use of certain antiretrovirals or antiretroviral combinations were likely to be confounding variables in these analyses. It has been hypothesized that global endothelial dysfunction would impair large conduit arteries, including brachial and coronary arteries, as well as microvascular arterial beds, such as renal glomeruli. Such a systemic derangement might explain the well-established associations between nephropathy and incident CVD [3] . Systemic endothelial dysfunction measured by FMD has been linked to markers of renal disease in some populations [9] . However, in an analysis of 2256 participants in the large Framingham Heart Study Offspring cohort, neither eGFR ,60 mL/min/1.73 2 nor the presence of microalbuminuria was independently associated with lower FMD [10] . Thus, the current evaluation was warranted in subjects with HIV infection. The renal characteristics of our study cohort are reflective of the general HIV population. The percentages of those with an albumin-creatinine ratio .30 mg/g (12%) and a proteincreatinine ratio .0.2 g/g (11%) in the current study are similar to those reported previously [5, 11] . The 3% of participants in our study with CrCl or eGFR ,60 mL/min/1.73 2 is also similar to previous reports [12] . Thus, the lack of significant associations with endothelial function was likely not due to unusual renal characteristics of our study group. However, because the renal markers were measured only once, we cannot exclude the possibility of misclassification bias. We certainly cannot exclude the possibility that HIV-infected patients with more pronounced renal insufficiency would have more impaired endothelial function. We also acknowledge that markers of renal disease may be associated with endothelial dysfunction in HIVinfected patients who also have diabetes or hypertension. In addition, it is possible that small vessel or capillary dysfunction may be associated with renal disease markers even if larger conduit artery dysfunction, which is measured by FMD, is not. Because systemic endothelial function does not appear to be associated with proteinuria or albuminuria in HIV, the positive relationships between nephropathy and CVD in HIV [6] may be due to alternative mechanisms. It is possible that these conditions are linked by HIV replication itself as suggested recently by findings in the Strategies for Management of Antiretroviral Therapy trial [13] , in which untreated HIV infection was associated with higher rates of both end-stage renal failure and CVD events. In addition, we have previously shown that CD8 immune activation is associated with proteinuria in untreated HIV infection [14] . Because immune activation has also recently been linked with carotid artery lesions [15] , it would be reasonable to speculate that immune activation could serve as an underlying mechanism between renal disease and CVD in HIV. Because this study did not include circulating markers of inflammation or endothelial dysfunction, such as interleukin-6, soluble vascular cell adhesion molecule 1, or D-dimer, further study is needed to investigate these possibilities to determine how best to reduce the rates of both renal disease and CVD in the HIV-infected population.
Notes
